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IMAGE PICKUP APPARATUS INCLUDING
CIRCUITRY TO CORRECT FOR NOISE
GENERATED BY CLAMPING CIRCUITS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention relates to an 1mage pickup apparatus for
picking up an object image.
2. Related Background Art

In recent years, attention has been paid to a solid-state
image pickup element called a CMOS sensor using a CMOS
process. The application of the CMOS sensor to, particu-
larly, the field of portable information apparatuses has been
progressed because of easy fabricating together with periph-
eral circuits, low-voltage driving, and the like. At the mitial
stage of research of the CMOS sensor, fixed pattern noises,
which are generated due to a variation 1n element charac-
teristics of each pixel were a large problem. As one of
methods of effectively eliminating the fixed pattern noises,
the following method using a clamping circuit has been
proposed. FIG. 7 shows an equivalent circuit diagram of the
solid-state 1image pickup element according to the prior art.
FIG. 7 shows a portion regarding one certain pixel (it 1s
assumed to be a pixel arranged at the nth row and the mth
column here) among pixels which are two-dimensionally
arranged. In FIG. 7, a unit pixel comprises: a photodiode 1
as a photoelectric converting element; an amplifying MOS-
FET (Metal Oxide Silicon Field Effect Transistor) 4 for
amplifying a signal generated in the photodiode 1; a pixel
reset switch 3 for resetting an input of the amplifying
MOSFET 4 to a predetermined electric potential; and a row
selecting switch 5 for controlling electric connection
between a source electrode of the amplitying MOSFET 4
and a vertical output line 6. When the row selecting switch
5 1s turned on, a source follower circuit 1n which a load
MOSFET 7 1s used as a load 1s formed and an electric
potential reduced from an electric potential of the photo-
diode by an amount corresponding to a threshold value of
the amplitying MOSFET 4 appears on the vertical output
line 6 i1n accordance with the electric potential of the
photodiode 1. A clamping capacitor 8 and a clamping switch
9 construct a clamping circuit. The clamping circuit shuts off
a DC component of the vertical output line potential and
transiers only a potential change amount based on a light
charge amount to the post stage. A light response component
obtained via the clamping circuit 1s temporarily held 1n a
holding capacitor 12. Thereatfter, it 1s read out to a horizontal
output line 17 via a horizontal transier gate 14 which 1s
controlled by a horizontal scanning circuit 19. The horizon-
tal output line 17 1s connected to an input of an output
amplifier 18. The output amplifier 18 drives an external load
(not shown).

The operation of the solid-state image pickup element waill
now be described in detail by using driving pulse timing in
FIG. 8. It 1s assumed that prior to the reading operation, a
predetermined exposing time has elapsed and photo-charges
have been accumulated 1n the photodiode 1. With respect to
the nth row selected by a vertical scanning circuit (not
shown), a row selecting pulse PSEL 1s set to the high level
and a light output according to the light charge amount
appears on the vertical output line 6. A subscript “n” added
to each of notations “PSEL” and “PRES” 1n FIG. 8 indicates
a pulse which 1s applied to the pixel of the nth row.
Subsequently, a clamping pulse PCOR changes from the
high level to the low level and the light output 1s clamped.
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At this time, an electric potential of the holding capacitor 12
has been reset to a clamping voltage VCOR. Subsequently,
the pixel reset pulse PRES 1s held at the high level for a
predetermined period of time and when the photodiode 1 1s
reset, a dark output appears on the vertical output line 6. At
this time, a change amount from the light output to the dark
output 1s transierred as a photosignal component to the
holding capacitor 12 via the clamping capacitor 8. At this
time, assuming that a capacitance of the clamping capacitor
8 1s CO and a capacitance of the holding capacitor 1s CT,
then a photosignal component 1s transierred with a gain of
CO/(CO+CT). When a transfer pulse PTS changes from the
high level to the low level, a circuit between the clamping
capacitor 8 and the holding capacitor 12 1s shut off and a

light response component 1s held 1n the holding capacitor 12.
Fixed pattern noises, which are generated due to a variation
in threshold value of the amplitying MOSFET 4 of each
pixel have been eliminated by the clamping circuit con-
structed by the clamping capacitor 8 and the clamping
switch 9. After that, scanning pulses HSR(1) ... HSR(m) are
generated by the horizontal scanning circuit 19, the hori-
zontal transier gate 14 1s sequentially opened/closed, and the
photosignal temporarily stored 1n the holding capacitor 12 1s

read out to the horizontal output line 17 (for example,
Japanese Patent Application Laid-Open No. H04-61573).

However, the above-described solid-state 1image pickup
clement according to the prior art has the following prob-
lems. When the clamping switch 9 1s turned off, since a part
of mverting layer charges formed 1n the clamping switch 9
flows 1nto the holding capacitor 12 side, the electric potential
alter the turn-ofl of the switch 9 drops to a level lower than
the clamping voltage VCOR. Since a parasitic capacitance
exists between a gate and a source (drain) of the clamping
switch 9, the clamping pulse PCOR i1s mixed into the
holding capacitor 12 side via the parasitic capacitance. I an
amount of mverting layer charges and the parasitic capaci-
tance are diflerent for every clamping switch, a difference
between ollset voltages occurs and the fixed pattern noises
are generated in the horizontal direction. Generally, there 1s
a tendency that the farther a distance between two difierent
switches 1s, the larger the difference between the oflset
voltages 1s, and a phenomenon that an output level changes
gradually 1n the horizontal direction occurs. Such a phe-
nomenon results 1 a luminance fluctuation of a display
screen. In the case of a color sensor, a spatial deviation of a
white balance i1s further caused. Since the offset voltage
fluctuates at random due to an event that the clamping switch
1s turned off, 1t becomes a factor of generation of random
noises. By taking into consideration of a fact that a transier
gate 10 1s ON when the clamping switch 9 1s turned off, an
amount of such random noises 1s expressed by

JRITTCOFCTY

where,
k: Boltzmann’s constant
T: absolute temperature

Particularly, the higher definition an 1image sensor has, the
less the values of CO and CT become 1n association with a
decrease 1n pixel pitch. Therefore, there 1s a tendency of an
increase 1 random noises. As mentioned above, offset
components which are generated in the clamping switch 9
become the fixed pattern noises and random noises to
deteriorate picture quality, and become an obstacle to real-
ization of high picture quality by the solid-state image
pickup element and 1ts driving method of the prior art.
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SUMMARY OF THE INVENTION

It 1s an object of the mvention to improve picture quality.

To accomplish the above object, according to an aspect of
the present invention, an 1mage pickup apparatus of the
present 1nvention comprises: a plurality of pixels each
including a photoelectric converting element; a plurality of
capacitor which receive signals from the plurality of pixels
at first terminals; a plurality of clamping switches for setting
a second terminal of each of the plurality of capacitor into
a predetermined electric potential; a plurality of {first storing
means for storing signals from the second terminals of the
plurality of capacitor; a plurality of second storing means for
storing the signals from the second terminals of the plurality
of capacitor; a first common output line to which the signals
from the plurality of first storing means are sequentially
output; a second common output line to which the signals
from the plurality of second storing means are sequentially
output; and difference means for operating a diflerence
between the signal from the first common output line and the
signal from the second common output line.

The above and other objects and features of the present
invention will become apparent from the following detailed
description and the appended claims with reference to the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s an equivalent circuit diagram of a solid-state
image pickup element according to the first embodiment of
the 1nvention;

FIG. 2 1s a timing chart of driving pulses of the solid-state
image pickup element of the first embodiment of the inven-
tion;

FIG. 3 1s an equivalent circuit diagram of a solid-state
image pickup element according to the second embodiment
of the invention;

FI1G. 4 1s a timing chart of driving pulses of the solid-state
image pickup element of the second embodiment of the
invention;

FIG. 5 1s an equivalent circuit diagram of a solid-state
image pickup element according to the third embodiment of
the invention;

FIG. 6 1s a diagram showing an 1mage pickup apparatus
according to the fourth embodiment of the invention;

FIG. 7 1s an equivalent circuit diagram of a solid-state
image pickup element according to the prior art; and

FIG. 8 1s a timing chart of driving pulses of the solid-state
image pickup element of the prior art.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

First Embodiment

A solid-state 1mage pickup element according to the first
embodiment of the mvention and its driving method will
now be described. FIG. 1 1s an equivalent circuit diagram of
the solid-state 1mage pickup element according to the first
embodiment and shows a portion regarding one certain pixel
(1t 1s assumed to be a pixel arranged at the nth row and the
mth column here) among pixels which are two-dimension-
ally arranged. In FIG. 1, a unit pixel comprises: the photo-
diode 1 as a photoelectric converting element; the amplity-
ing MOSFET 4 as first amplilying means for amplifying the
signal generated 1n the photodiode 1; the reset switch 3 for
resetting the mput of the amplifying MOSFET 4 to a
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predetermined voltage; and the row selecting switch 5 for
controlling the electric connection between the source elec-
trode of the amplitying MOSFET 4 and the vertical output
line 6. When the row selecting switch 5 1s turned on, a source
tollower circuit 1n which the load MOSFET 7 1s used as a
load 1s formed and an electric potential reduced from an
clectric potential of the photodiode by an amount corre-
sponding to the threshold value of the amplifying MOSFET
4 appears on the vertical output line 6 in accordance with the
clectric potential of the photodiode 1. The clamping capaci-
tor 8 as a capacitor and the clamping switch 9 construct
together the clamping circuit. The clamping circuit shuts ofl
a DC component of the vertical output line potential and
transfers a potential change amount of the vertical output
line to the post stage. The transier gate 10 and the holding
capacitor 12 serving as first storing means and a transier gate
11 and a holding capacitor 13 serving as second storing
means are provided symmetrically. The first storing means
holds a signal corresponding to a dark output. The second
storing means holds a signal corresponding to a light output.
A source follower circuit 21 1s provided for charging or
discharging each of the holding capacitors 12 and 13 1n
accordance with the electric potential of the electrode on the
output side of the clamping capacitor 8, respectively. The
holding capacitors 12 and 13 are connected to a horizontal
output line 16 as a first common output line and the
horizontal output line 17 as a second common output line via
horizontal transfer gates 14 and 15, respectively. A differ-
ence between outputs of the horizontal output lines 16 and
17 1s operated by the output amplifier 18 as difference
means.

The operation of the solid-state image pickup element will
now be described 1n detail by using driving pulse timing in
FIG. 2. It 1s assumed that prior to the reading operation, a
predetermined exposing time has elapsed and photo-charges
have been accumulated 1n the photodiode 1. With respect to
the nth row selected by the vertical scanning circuit (not
shown), the row selecting pulse PSEL 1s set to the high level
and the light output according to the light charge amount
appears on the vertical output line 6. The subscript “n” added
to each of notations “PSEL” and “PRES” 1n FIG. 2 indicates
the pulse which 1s applied to the pixel of the nth row.
Subsequently, the clamping pulse PCOR changes from the
high level to the low level and the light output 1s clamped.
The output side electrode potential VCOR of the clamping
capacitor 8 corresponding to the light output as a first signal
1s transierred to the holding capacitor 12 by the source
follower circuit 21 as second amplifying means and sampled
when the transier pulse PTS 1s set to the low level. At this
time, the offset voltage, which i1s generated when the clamp-
ing switch 9 1s turned ofl 1s held 1n the holding capacitor 12.
Subsequently, the pixel reset pulse PRES 1s held at the high
level for a predetermined period of time, the photodiode 1 1s
reset, and the dark output appears on the vertical output line
6. A second signal corresponding to a potential change from
the light output to the dark output, that 1s, the signal obtained
by subtracting the dark output from the light output 1s sent
to the other holding capacitor 13 via the clamping capacitor
8 and the source follower circuit 21 and sampled at a
moment when the transfer pulse PTN 1s set to the low level.
At this time, the offset voltage, which 1s generated when the
clamping switch 9 1s turned off 1s multiplexed to the light
response component and held in the holding capacitor 13.
By operating a diflerence between the signals held 1n the two
holding capacitors 12 and 13 by the output amplifier 18 at
the post stage, the oflset voltages which are generated 1n the
clamping switch 9 and the source follower circuit 21 1s
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removed and only the light response component can be
obtained. Since the oflset voltages held 1n the two holding
capacitors 12 and 13 have been sampled in the same
low-level period with respect to the clamping pulse PCOR,
they are the oflset voltages generated 1n the same event as a
resetting operation by the clamping switch 9. Therefore, the
random noise components can be also removed. As
described above, according to the solid-state 1mage pickup
clement of the first embodiment of the invention and 1its
driving method, the fixed pattern noises which are generated
due to a vaniation in the amplitying MOSFET 4 of the pixel
can be eliminated by the clamping circuits 8 and 9, the fixed
pattern noises and the random noises which are generated in
the clamping switch 9 can be eliminated by the output
amplifier, and the image signal of low noises and high
quality can be obtained.

Second Embodiment

A solid-state 1mage pickup element according to the
second embodiment of the invention and 1ts driving method
will be described. FIG. 3 1s an equivalent circuit diagram of
the solid-state image pickup element according to the second
embodiment and shows a portion regarding one certain pixel
(it 1s assumed to be a pixel arranged at the nth row and the
mth column here) among pixels which are two-dimension-
ally arranged. In a manner similar to the first embodiment,
in FIG. 3, a unit pixel comprises: the photodiode 1 as a
photoelectric converting element; the amplifying MOSFET
4 as first amplitying means for amplifying the signal gen-
erated in the photodiode 1; the reset switch 3 for resetting the
input of the amplitying MOSFET 4 to a predetermined
voltage; and the row selecting switch 5 for controlling the
clectric connection between the source electrode of the
amplifying MOSFET 4 and the vertical output line 6.
Further, a pixel transfer gate 2 for controlling the electric
connection between the photodiode 1 and a gate electrode of
the amplitying MOSFET 4 1s provided.

The operation of the solid-state image pickup element waill
now be described 1n detail by using driving pulse timing in
FIG. 4. It 1s assumed that prior to the reading operation, a
predetermined exposing time has elapsed and photo-charges
have been accumulated in the photodiode 1. With respect to
the nth row selected by the vertical scanning circuit (not
shown), first, the pixel reset pulse PRES 1s changed from the
high level to the low level and the resetting of the gate
clectrode of the amplifying MOSFET 4 1s cancelled. At this
time, a voltage corresponding to the dark state 1s held 1n a
parasitic capacitor (hereinafter, referred to as a CFD) of the
pixel including the gate electrode. If the voltage at which the
gate voltage 1s reset lies within a pentode region when the
pixel reset switch 3 1s ON, 1t becomes the voltage dropped
from the gate high level of the pixel reset switch 3 by an
amount corresponding to the threshold value. It the voltage
lies within a triode region, although it becomes an SVDD
voltage, 1t decreases to a value that 1s slightly lower than
those voltages, when pixel reset switch 1s turned off. Such a
voltage drop 1s caused by the inflow of inverting layer
charges which are formed in the ON state of the pixel reset
switch or by field through via the parasitic capacitance
between the gate and source of the pixel reset switch 3.
Subsequently, the row selecting pulse PSEL 1s set to the high
level and the dark output appears on the vertical output line
6. After the elapse of a predetermined time, the clamping
pulse PCOR changes from the high level to the low level and
the dark output 1s clamped. In a form 1n which the oflset
voltage which 1s generated when the clamping switch 1s
turned ofl has been multiplexed, the output side electrode
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potential VCOR of the clamping capacitor 8 corresponding
to the dark output, which 1s a second signal, 1s sampled 1nto
the holding capacitor 12 at a moment when the transier pulse
PTN 1s set to the low level.

Subsequently, in the pixel, the pixel transier gate 2 1s set
to the high level for a predetermined period of time and the
light charges accumulated 1n the photodiode 1 are trans-
terred to the gate electrode of the amplitying MOSFET 4.
Thus, the gate potential drops from the voltage in the dark
state by an amount of (Q/CFD when the transierred charges
are assumed to be Q. The light output appears on the vertical
output line 6 1n correspondence to such a voltage drop. The
second signal corresponding to potential change from the
dark output to the light output, that 1s, the signal obtained by
subtracting the dark output from the light output i1s sent to
the holding capacitor 13 via the clamping capacitor 8 and the
source follower circuit 21 and sampled at a moment when
the PTS 1s set to the low level as a signal including the oflset
voltage which 1s generated when the clamping switch 1s
turned ofl. In a manner similar to the first embodiment, the

light response component i1s obtained by operating the
difference between the signals held 1n the holding capacitors
12 and 13. At this time, not only the offset voltage which 1s
generated 1n the clamping switch 9 but also the oflset voltage
which 1s generated 1n the pixel reset switch 3 1s removed by
the difference operation. The two signals which are sub-
jected to the difference operation are sampled in the same
low-level period of the clamping pulse PCOR and the pixel
reset pulse PRES and the resetting operations of the clamp-
ing switch 9 and the pixel reset switch 3 are the same event.
Therefore, the random noise components are also elimi-
nated. Thus, according to the solid-state image pickup
clement of the second embodiment of the invention and 1ts
driving method, the fixed pattern noises which are generated
due to a variation 1n the amplifying MOSFET 4 of the pixel
can be eliminated by the clamping circuits 8 and 9, the fixed
pattern noises and the random noises which are generated in
the pixel reset switch 3 and the clamping switch 9 can be
simultaneously eliminated by the output amplifier 18, and
the 1image signal of low noises and high quality can be
obtained.

Third Embodiment

A solid-state 1image pickup element according to the third
embodiment of the invention and 1ts driving method will be
described. FIG. 5 1s an equivalent circuit diagram of the
solid-state 1mage pickup element according to the third
embodiment and shows a portion regarding one certain pixel
(1t 1s assumed to be a pixel arranged at the nth row and the
mth column here) among pixels which are two-dimension-
ally arranged. The equivalent circuit 1s stmilar to that of FIG.
3 except for that a gain amplifier 20 1s provided 1n place of
the source follower circuit 21 1n the solid-state image pickup
clement according to the second embodiment of FIG. 3.
Generally, the output amplifier 18 needs to be an amplifier
of a wide band 1n order to trace the horizontal transfer
operation according to the horizontal scanning circuit 19.
When the incident light 1s weak, 1t 1s necessary to amplity
a voltage of the light response signal at some place in order
to output the suflicient light response signal to the outside.
However, 11 a high voltage amplification factor 1s set by the
output amplifier 18 of the wide band, noise characteristics
deteriorate remarkably. It 1s, therefore, desirable to amplity
the voltage 1n the processing step of reading out the pixel to
the holding capacitors 12 and 13 1n which no problem occurs
even 1n a narrow band.
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Particularly, when the apparatus 1s used 1n a digital still
camera or the like, 1t 1s preferable to switch the voltage
amplification factor of the gain amplifier 20 1n association
with a set ISO sensitivity. Consequently, 1n the high ISO
sensitivity setting which presumes an object of weak 1nci-
dent light, the noise characteristics can be remarkably
improved. Ordinarily, since the ISO sensitivity 1s oiten set as
a ratio of the power of 2 such as 100, 200, 400, . . . , or the
like, 1t 1s further desirable to set the voltage amplification
factor so as to include those ratios. One of technological
advantages which are obtained by providing the gain ampli-
fier 20 to a position just after the clamping circuit, 1s that the
input level of the gain amplifier 20 can be easily adjusted by
the clamping voltage VCOR. Although the offset voltages
which are generated in the pixel reset switch 3 and the
clamping switch 9 are amplified by the gain amplifier 20,
they can be eliminated by using the driving pulse timing in
FIG. 4 by a method similar to that described 1n the second
embodiment. The oflset voltage which the gain amplifier 20
itsell has 1s also simultaneously eliminated. Further, random
noises ol a period longer than the sampling interval of each
of the PTN and the PTS, for example, 1/1 noises of a long
period can be also eliminated. According to the solid-state
image pickup element of the third embodiment of the
invention, the fixed pattern noises and the random noises,
which are generated in the pixel reset switch 3 and the
clamping switch 9 can be also simultaneously eliminated.
Further, the ofiset voltage of the gain amplifier 20 and the
random noises of the long period can be eliminated. Since
the fixed pattern noises and the random noises which are
generated in the pixel reset switch 3 and the clamping switch
9 can be eliminated even after the voltages are amplified by
the gain amplifier 20, the effect of reduction of the random
noises due to the voltage amplification executed in the
circuit portion of a narrow band can be obtained without
causing side eflects. Owing to those eflects, the image signal
of low noises and high quality can be obtained.

The first to third embodiments described above further
have technological eflects as will be explained hereimnbelow.

A rejection ratio of the noise components 1n the clamping
circuit 1s better than that of the noise components (by one
digit) in the system i1n which the light output to the dark
output are held i the two holding capacitors and the
difference between them 1s operated. It 1s necessary to
execute the horizontal scan at a high speed.

If the clamping circuit 1s provided at the final stage, the
dark output and the light output have to be alternately output
to the clamping circuit and 1t 1s difficult to execute the
horizontal scan at a high speed. In the first to third embodi-
ments, the clamping circuit 1s provided every vertical output
line and the noises which are generated 1n the clamping
circuit are suppressed by the amplifier at the final stage, so
that the solid-state 1mage pickup element in which the
suppression of the noises and the realization of the high
reading speed are harmonized can be provided.

The fixed pattern noises and the random noises, which are
generated due to the vanation 1n the amplifying MOSFET 4
of each pixel can be almost completely suppressed by the
clamping circuit. An absolute amount of the noises, which
are generated 1n the clamping circuit and an absolute amount
of the source follower can be also reduced by the output
amplifier at the final stage. The noise components which
cannot be eliminated almost completely 1n the solid-state
image pickup element become one-dimensional noises
which are caused by the clamping circuit and the source
follower. A memory which stores one-dimensional data 1s
provided at the post stage of the image pickup element,
one-dimensional correction data 1s stored into this memory,
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and the one-dimensional noise components are corrected by
the one-dimensional correction data. According to the cor-
recting method as mentioned above, 1t 1s sutlicient to use the
memory for storing the one-dimensional data and 1t contrib-
utes to the decrease 1n memory and the decrease 1n load at
the post stage.

An obtaining method of the one-dimensional correction
data will now be described.

The following operation 1s executed when a power source
of an 1mage pickup apparatus (digital camera) in which the
image pickup element has been mounted 1s turned on.

Signals of a part of the pixels (pixels of a few lines) 1n the
image pickup element are read out via the clamping circuit
and the source follower 1n a state where a mechanical shutter
1s closed and the light 1s shielded. By averaging the read-out
signals (averaging the signals of the pixels in the vertical
direction), the one-dimensional correction data 1s formed
and stored into the memory.

Fourth Embodiment

The 1image pickup apparatus using the solid-state 1mage
pickup element explained 1n the first to third embodiments
mentioned above will now be described with reference to
FIG. 6.

In FIG. 6, reference numeral 101 denotes a barrier serving,
as a lens protecting member and a main switch; 102 a lens
for forming an optical image of an object onto a solid-state
image pickup element 104; 103 an 1r1s for varying an amount
of light which passed through the lens 102; 104 the solid-
state 1mage pickup element for fetching the object image
formed by the lens 2 as an image signal; 105 an 1mage
pickup signal processing circuit including a varniable gain
amplifving unit for amplifving the image signal which 1s
output from the solid-state image pickup element 104, a gain
correcting circuit unit for correcting a gain value, and the
like; 106 an A/D converter for converting the analog image
signal output from the solid-state image pickup element 104
into a digital signal; 107 a signal processing unit for making
various correction to the image data output from the A/D
converter 106 and compressing the data; 108 a timing
generation unit for generating various timing signals to the
solid-state 1mage pickup element 104, 1mage pickup signal
processing circuit 105, A/D converter 106, and signal pro-
cessing unit 107, respectively; 109 a system control and
operation unit for executing various arithmetic operations
and controlling the whole 1mage pickup apparatus; 110 a
memory unit for temporarily storing the image data; 111 an
interface unit (I/F umt) for recording or reading out the data
into/from a recording medium; 112 a detachable recording
medium such as a semiconductor memory or the like for
recording or reading out the image data; and 113 an interface
umt for communicating with an external computer or the
like.

The signal processing unit 107 has a memory for storing
the one-dimensional correction data to correct the noise
components which are generated by the clamping circuits 8
and 9 and the noise components which are generated by the
source follower circuit 21 described 1n the first to third
embodiments. The signal output from the A/D converter 1s
corrected on the basis of the correction data stored in the
memory.

The signals from a plurality of pixels, which are output
via the same vertical output line are corrected by using the
same correction data. The one-dimensional correction data
1s the data including a noise component variation which 1s
caused by the clamping circuits 8 and 9 arranged one-
dimensionally and a variation which 1s caused by the dii-
ference between the oflset components of the source fol-
lower circuit 21 arranged one-dimensionally.

As a method of obtaining the one-dimensional data, there
1s a method whereby a vertical OB portion (for example, the
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pixels of one line are shielded against the light) 1s provided
for the solid-state 1image pickup element, the operations as
described 1n the foregoing first to third embodiments are
executed by using the pixels 1n the vertical OB portion, and
a one-dimensional signal which 1s obtained from the output
amplifier 18 1s used as correction data.

The operation of the image pickup apparatus upon pho-
tographing in the above construction will now be described.

When the barrier 101 1s opened, a main power source 1s
turned on. Subsequently, a power source of a control system
1s turned on and, further, power sources of photographing
system circuits such as an A/D converter 106 and the like are
turned on.

After that, the system control and operation unit 109
opens the 1r1s 103 1n order to control an exposure amount
and the signal output from the solid-state 1mage pickup
clement 104 1s converted by the A/D converter 106 and,
thereatfter, input 1nto the signal processing unit 107.

An exposure 1s calculated by the system control and
operation unit 109 on the basis of the data in the signal
processing unit 107.

Brightness 1s discriminated on the basis of a result of the

photometric process. The system control and operation unit
109 controls the ir1s 1n accordance with a discrimination

result.

Subsequently, high frequency components are extracted
and a distance to the object 1s operated by the system control
and operation unit 109 on the basis of the signal output from
the solid-state image pickup element 104. After that, the lens
1s actuated and whether an in-focus state 1s obtained or not
1s discriminated. If it 1s determined that the in-focus state 1s
not obtained, the lens 1s actuated again and the distance
measuring process 1s executed.

After the in-focus state 1s confirmed, the exposure 1s
started.

After completion of the exposure, the image signal output
from the solid-state i1mage pickup clement 104 1s A/D
converted by the A/D converter 106. The converted signal
passes the signal processing unit 107 and 1s written into the
memory unit by the system control and operation unit 109.

After that, the data stored in the memory unit 110 passes
through the recording medium control I'F unit and 1s
recorded 1nto the detachable recording medium 112 such as
a semiconductor memory or the like by the control of the
system control and operation unit 109.

It 1s also possible that the image data i1s transmitted
through the external I'F umit 113 and directly mput to a
computer or the like where the 1image 1s modified.

Many widely different embodiments of the present inven-
tion may be constructed without departing from the spirit
and scope of the present invention. It should be understood
that the present ivention i1s not limited to the specific
embodiments described 1 the specification, except as
defined 1n the appended claims.

What 1s claimed 1s:

1. An 1mage pickup apparatus comprising:

a plurality of pixels each including a photoelectric con-

verting element;

a plurality of capacitors which receive signals from said
plurality of pixels at first terminals;

a plurality of clamping switches for setting a second
terminal of each of said plurality of capacitors to a
predetermined electric potential;

a plurality of source follower circuits;

a plurality of first storing units for storing signals from
said second terminals of said plurality of capacitors via
said plurality of source follower circuits;
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a plurality of second storing units for storing the signals
from said second terminals of said plurality of capaci-
tors via said plurality of source follower circuits;

a first common output line to which the signals from said
plurality of first storing units are sequentially output;

a second common output line to which the signals from
said plurality of second storing units are sequentially

output; and

a difference circuit for operating a difference between the
signal from said first common output line and the signal
from said second common output line,

wherein said {irst storing unit includes a {irst transfer gate
and a first holding capacitor for holding the transferred
signal, and said second storing unit includes a second
transier gate and a second holding capacitor for holding
the transierred signal, and

wherein said image pickup apparatus further comprises a
driving circuit arranged so that after said clamping
switch 1s turned off at a first timing, said clamping
switch 1s continuously held in an OFF state and said
first transfer gate 1s closed at a second timing, thereby
holding a first signal which 1s obtained from said
second terminal of said capacitor into said first holding,
capacitor, and after said clamping switch 1s turned off
at the first timing, said clamping switch 1s continuously
held 1n the OFF state and said second transfer gate 1s
closed at a third timing, thereby holding a second signal
which 1s obtained from said second terminal of said
capacitor 1mnto said second holding capacitor.

2. An apparatus according to claim 1, wherein said driving,
circuit effects driving so that the second terminal of said
capacitor 1s set into said predetermined electric potential by
turning on said clamping switch, the signal which 1s
obtained from said first amplitying element by resetting the
input portion of said first amplifying element 1s transferred
to the first terminal of said capacitor, said clamping switch
1s turned ofl and thereafter said first signal which 1s obtained
from the second terminal of said capacitor 1s held in said first
storing unit, after that, a signal, which 1s output from said
first amplitying element, including the photoelectric conver-
sion signal from said photoelectric converting element 1s
transferred to the first terminal of said capacitor, and said

second signal which 1s obtained from the second terminal of
said capacitor 1s held 1n said second storing unit.

3. An apparatus according to claim 1, wherein said driving,
circuit effects driving so that the second terminal of said
capacitor 1s set into said predetermined electric potential by
turning on said clamping switch, then a signal, which 1s
output from said second amplifying element, including the
photoelectric conversion signal from said photoelectric con-
verting element 1s transierred to the second terminal of said
capacitor, said clamping switch 1s turned off and thereafter
said first signal which 1s obtained from the second terminal
of said capacitor 1s held in said first storing unit, the signal
which 1s obtained from said second amplifying element by
resetting the input portion of said second amplifying element
1s transierred to the first terminal of said capacitor, and said
second signal which 1s obtained from the second terminal of
said capacitor 1s held in said second storing unit.
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